Objectives: To assess whether larger tumor volume in black men explains higher presurgical PSA levels versus white men with prostate cancer. Methods: We retrospectively analyzed 1904 men from the Shared Equal Access Regional Cancer Hospital database who underwent radical prostatectomy from 1990 to 2013. Geometric mean of tumor volume and preoperative PSA for each race were estimated from multivariable linear regression models. Results: There were 1104 (58%) white men and 800 (42%) black men. Black men were younger (60.2 vs. 62.9 years, p < 0.001) had a higher PSA (6.7 vs. 6.0 ng/mL, p < 0.001), more positive margins (47 vs. 38%, p < 0.001), and seminal vesicle invasion (13 vs. 9%, p = 0.007). White patients had higher clinical stage (p < 0.001) and greater median tumor volume (6.0 vs. 5.3 gm, p = 0.011). After multivariable adjustment (except for PSA), white men had smaller mean tumor volumes (5.2 vs. 5.8 gm, p = 0.011). When further adjusted for PSA, there was no racial difference in mean tumor volume (p = 0.34). After multivariable adjustment, black men had higher mean PSAs vs. white men (7.5 vs. 6.1 ng/mL, p < 0.001). Results were similar after further adjusting for tumor volume: black men had 16% higher mean PSAs versus white men (7.4 vs. 6.2 ng/mL, p < 0.001). Conclusions: In this study of men undergoing radical prostatectomy at multiple equal access medical centers, racial differences in tumor volume did not explain higher presurgical PSA levels in black versus white men. The exact reason for higher PSA values in black men remains unclear.
Introduction
Multiple previous population-based studies have demonstrated that black men have higher prostate-specific antigen (PSA) values than white men [1, 2] . Similar results have been seen among men with prostate cancer [3] and specifically among men undergoing radical prostatectomy [4] [5] [6] . There are multiple potential explanations for a higher serum PSA including larger prostate size and larger tumor size [7] . We previously showed that the inherent racial serum PSA differences in men undergoing radical prostatectomy were not explained by racial differences in prostate size [8] .
An alternative explanation for higher serum PSA values among black men with prostate cancer may be increased tumor volume. Increasing tumor volume is associated with higher serum PSA [9] [10] [11] . Several studies have shown that among men with low-grade (Gleason 6) prostate cancer, black men had higher tumor volume compared to non-black men [12, 13] . Furthermore, black men with cT1c prostate cancer undergoing radical prostatectomy had greater mean tumor volume and tumor per ng/mL of serum PSA compared to white men [14] . We hypothesized that larger tumor volume in black men may explain all or part of the higher presurgical PSA levels in black versus white men with prostate cancer. To test this hypothesis, we used a radical prostatectomy database of men treated at equal access centers with a large proportion of black patients to assess whether larger tumor volumes explains the inherent higher PSA levels in black versus white men.
Materials and methods

Study population
After obtaining Institutional Review Board approval, data on patients treated with radical prostatectomy from 1990 to 2013 at Veterans Affairs Medical Centers in West Los Angeles, San Diego and Palo Alto, California; Durham and Asheville, North Carolina; and Augusta, Georgia, were combined into the Shared Equal Access Regional Cancer Hospital (SEARCH) database [15] . This database includes information on patient age at the time of surgery, race, height, weight, clinical stage, grade of cancer on diagnostic biopsies, preoperative serum PSA value, surgical specimen pathology (specimen weight, tumor grade, tumor volume, stage and surgical margin status), and follow-up serum PSA data.
Patients treated with either preoperative androgen deprivation therapy or radiation therapy were excluded from analysis. Of the 5062 patients in the SEARCH Database, we excluded 2733 patients with missing data for tumor volume, 27 patients with missing data for PSA, and 128 patients who were neither white nor black because of limited numbers of men from other races. An additional 18 men diagnosed from a transurethral resection specimen (clinical stage T1a/T1b) were also excluded because this affects prostate size, tumor volume and serum PSA value. Finally, patients with missing data for pathologic Gleason sum (n = 5), pathologic features (n = 52), or BMI (n = 195) were excluded. This resulted in a study population of 1904 patients.
Prostatectomy specimens were sectioned per each institution's protocol. All institutions determined prostate weight by measurement of the gross weight of the entire specimen, including seminal vesicles and tips of the vasa. In the pathology reports, we abstracted data for percent of the total prostatectomy specimen involved with cancer. This value was then used to calculate tumor volume as follows: tumor volume (gm) = [prostate weight (gm) Â percent of prostate with tumor]/100. Preoperative BMI was calculated as weight in kg divided by height in m 2 (kg/ m 2 ).
Statistical analysis
The distribution of clinicopathologic characteristics was compared between races using Chi-square analysis for categorical variables and Wilcoxon rank-sum or t-tests for continuous variables. The associations between race and the outcome variables of tumor volume and preoperative serum PSA values were examined using linear regression. Both tumor volume and serum PSA value were examined as continuous variables after logarithmic transformation. In the models, we mutually adjusted for age (continuous), year of surgery (continuous), pathologic Gleason sum (2 to 6, 3 + 4, 4 + 3, and 8 to 10), BMI (continuous, log- Table 1 lists the clinicopathological characteristics of the patient population, as categorized by race. In the study population, there were 1104 (58%) white patients and 800 (42%) black patients. Black patients were younger at surgery (60.2 vs. 62.9 years, p < 0.001), had a higher median presurgical serum PSA value (6.7 vs. 6.0 ng/mL, p < 0.001), and more often had positive surgical margins (47 vs. 38%, p < 0.001) and seminal vesicle invasion (13 vs. 9%, p = 0.007). White patients had higher clinical stage disease (p < 0.001) and greater median tumor volume (6.0 vs. 5.3 gm, p = 0.011). Overall, pathological Gleason scores (p < 0.001) significantly differed between the races, but with no consistent pattern in that black men had a higher percentage of Gleason 7 (3 + 4 and 4 + 3), while white men had a higher percentage of Gleason 2-6 or 8-10 prostate cancer.
Results
Baseline patient characteristics
Race and tumor volume
We examined whether there were racial differences in tumor volume (Table 2) . After adjusting for demographics and cancerspecific characteristics (but not PSA), white patients had smaller adjusted mean tumor volume compared to black patients (5.2 vs. 5.8 gm, p=0.011). However, when we further adjusted for logtransformed PSA there was no difference in adjusted mean tumor volume (white = 5.3 vs. black = 5.6 gm, p=0.34).
Race and PSA
After adjusting for demographic and cancer-specific characteristics, black men had a higher mean presurgical PSA compared to white men (7.5 vs. 6.1 ng/mL, p < 0.001; Table 3 ). To assess whether this difference was due to tumor volume differences between the races, we repeated the analysis of PSA but also adjusted for tumor volume and again there was a significant difference in mean preoperative PSA with black men having a 16% higher median presurgical PSA versus white men (7.4 vs. 6.2 ng/mL, p < 0.001).
Discussion
It is generally accepted that black men have higher PSA values compared to white men, although there has yet to be a clinicopathologic explanation for this difference. In the current analysis, we specifically assessed whether tumor volume would explain a higher presurgical PSA in black compared to white men. We found that adjusting for tumor volume had no/little effect on racial differences in PSA with black men having a 16% higher preoperative serum PSA value compared to white men on multivariable analysis. From these findings, we conclude that the explanation for higher PSA values in black men with prostate cancer is not related to tumor volume differences and further explanations are needed.
Earlier small clinical studies have attempted to explain the PSA variation between black and white men [14, 16, 17] . Moul et al. analyzed 155 white and 46 black patients with clinical stage T1-T3 prostate cancer undergoing radical prostatectomy [16] . They found that black men had higher pretreatment PSA and pathologic whole mount specimen 3-D tumor volume compared to white men. However, PSA values remained significantly higher in black men even after adjusting for 3-D tumor volume, gland volume, age, stage, and Gleason sum. Black men in our study were younger and had more favorable clinical stage compared to white men. Previous retrospective [18] and autopsy [19] studies demonstrated that older men have greater tumor volume. Similarly, stage of disease is a significant factor influencing tumor volume at the time of radical prostatectomy [20] . Despite these factors, after adjusting for demographic, clinicopathologic variables and tumor volume, black men in our study had a significantly greater presurgical PSA than white men.
An alternative explanation is perhaps black men have larger prostates. We previously tested this hypothesis using both the SEARCH database and tertiary referral center dataset [8] . In our prior study, we found no difference in prostate size between the two races and on multivariable analysis, black men had 15% greater serum PSA values [8] . Thus, it appears larger prostate size cannot explain the higher PSA values in black men with prostate cancer.
Since prostate size and tumor volume at radical prostatectomy in our cohort are not responsible for a significantly increased serum PSA in black men versus white men, what may account for these observed differences? Prostate inflammation may spuriously elevate serum PSA levels; if a racial difference in the prevalence of prostatitis exists, this may contribute to racial differences in PSA. In an effort to determine whether prostate inflammation varies by race, Zhang et al. analyzed 238 RP specimens in men with clinically localized prostate cancer at Walter Reed Army Medical Center between 1993 and 1997. They noted a statistically insignificant greater degree of inflammation in RP specimens of white compared to black men, which was not related to racial variation Table 2 Adjusted tumor volume by race.
Race
Tumor volume (gm) in PSA [17] . Furthermore, it has been suggested that the role of subclinical prostatic inflammation is minimal for contributing to serum PSA in men without clinically detectable prostate cancer when the PSA is greater than 4.0 ng/mL [21] . As such, an inflammatory etiology for racial differences in PSA seems unlikely. Given that androgens regulate cellular PSA production, racial differences in androgen activity and free testosterone between races may explain PSA differences. Previous immunochemistry and biomarker studies have identified increased androgen receptor protein expression in black compared to white men for both benign [22] and malignant prostate tissue [22, 23] . Additionally, black men are more likely to possess shorter CAG trinucleotide repeats in exon 1 of the androgen receptor gene [24] . Analysis of radical prostatectomy specimens demonstrates increased PSA staining and higher Gleason score prostate cancer for short alleles of the CAG repeats in the androgen receptor gene [25] . However, results from the Prostate Cancer Prevention Trial have questioned the association of CAG repeat with prostate cancer risk, although this study did not specifically address an association with PSA [26] . Furthermore, a recent meta-analysis comparing hormone levels between black and white men confirmed that free testosterone levels were significantly higher in black than white men, translating to a racial difference of free testosterone ranging from 2.5 to 4.9% [27] .
Another possible cause of genetic variation in PSA levels may involve single-nucleotide polymorphisms (SNP) [28] [29] [30] . A recent study by Bentmar-Holgersson et al. looked at 1744 men from the European Male Ageing Study and investigated whether SNPs in the androgen receptor were associated with greater PSA values [28] . They found that patients with SNP rs1204038 A-allele had a 65% higher risk of PSA >3 ng/mL compared to G-allele carriers. Whether there are racial differences in expression of rs1204038 A-allele has not be reported. Also, the North Carolina-Louisiana Cancer Project reported that in 1060 black Americans and 1087 European Americans with prostate cancer, three SNPs at the kallikrein-related peptidase 3 locus were significantly associated with serum PSA levels in black Americans but not in European Americans [26] . Taken together, these genetic studies provide evidence to suggest that genetic racial differences in PSA values exist.
This study is not without limitations. As with any retrospective study, the degree to which our results are influenced by selection bias is unknown. Also, many patients were missing tumor volume data-especially patients treated in earlier years. We only examined radical prostatectomy patients within the VA. Whether similar results would be seen for non-surgically treated men or men outside the VA system is unknown. Finally, tumor volumes were not measured exactly but using estimates, and thus our findings do require validation in other datasets. Furthermore, tumor volume location in the RP specimen was not available in the VA system, which may affect racial conclusions reported in this study [31] . Strengths of the study include the large dataset with a high proportion of black men all of whom had the data necessary for analysis.
Conclusions
Among patients undergoing radical prostatectomy, we found that black men had higher serum PSA values compared to white men. Despite adjusting for demographic and clinical characteristics, including tumor volume, serum PSA values remain significantly higher in black men. These results suggest that racial differences in PSA are not due to tumor volume differences alone. We speculate that race-specific variations in androgen biology may contribute to differences in the PSA production, but further study is needed to fully explain racial differences in PSA levels. 
